An increased serum alkaline phosphatase concentration is known to be associated with a negative prognosis in canine and human osteosarcoma. To expand upon previous studies regarding the biological relevance of increased serum alkaline phosphatase as a negative prognostic factor, xenogeneic heterotopic transplants were performed using six canine primary osteosarcoma cell lines generated from patients with differing serum alkaline phosphatase concentrations (three normal and three increased). Three of the six cell lines were capable of generating tumours and tumour formation was independent of the serum alkaline phosphatase status of the cell line. Microarray analysis identified 379 genes as being differentially expressed between the tumourigenic and non-tumourigenic cell lines. Frizzled-6 was upregulated to the greatest extent (7.78-fold) in tumourigenic cell lines compared with non-tumourigenic cell lines. Frizzled-6, a co-receptor for Wnt ligands has been associated with enhanced tumour-initiating cells and poor prognosis for other tumours. The increased expression of frizzled-6 was confirmed by quantitative reverse transcription polymerase chain reaction (QPCR) and Western blot analysis. Additionally, the tumourigenic cell lines also had an increase in the percentage of side population cells compared with non-tumourigenic cell lines (5.89% versus 1.58%, respectively). There were no differences in tumourigenicity, frizzled-6 or percentage of side population cells noted between osteosarcoma cell lines generated from patients of differing serum alkaline phosphatase concentration. However, to our knowledge this is the first study to identified frizzled-6 as a possible marker of osteosarcoma cell populations with enhanced tumourigenicity and side population cells. Future work will focus on defining the role of frizzled-6 in osteosarcoma tumourigenesis and tumour-initiating cells.
Introduction
Osteosarcoma (OSA) is the most common primary bone malignancy of dogs, frequently affecting large and giant breed dogs. Osteosarcoma is a very aggressive disease and despite advances in surgery and chemotherapy the prognosis for patients with OSA remains unfavourable due the high frequency of micrometastatic disease at the time of diagnosis, which is estimated to be as high as 90%. 1 The median survival time for canine patients ranges from 5 months with amputation alone to 10-14 months when combined with chemotherapy. 2 Clinical features including anatomic location, tumour size, macroscopic metastasis at diagnosis and increased serum alkaline phosphatase (ALP) concentration have been correlated with OSA prognosis. 2 -4 While increased serum ALP is a widely accepted negative prognostic factor in patients with OSA, the biological relevance of this prognostic marker is poorly understood. 2 -5 Recent work by Sternberg et al. found ALP concentration to be associated with OSA tumour burden. 6 This would suggest the negative prognostic value of serum ALP concentration is a reflection of tumour size, which is a known independent prognostic factor, and not necessarily indicative of intrinsic differences within the tumour cells. The lack of intrinsic differences between tumour cells from OSA associated with normal and increased serum ALP is consistent with findings from our previous study in which there were no differences in the in vitro biological behaviour of primary OSA cell lines from patients with different ALP status. 7 Six new canine primary cell lines were generated from dogs with normal and high serum ALP concentration at diagnosis, and cell growth, migration, invasion and sensitivity to carboplatin and doxorubicin chemotherapy were found to be no different between cell lines based upon the patient's serum ALP concentration from which they were generated. 7 However, as with all cancer modelling systems in vitro behavioural assays have limitations, specifically in the inability to recapitulate the in vivo micro-environment that is known to impact cancer behaviour. Therefore, the primary aim of this study was to determine whether there were differences in the tumourigenicity of primary cell lines generated from canine OSA patients with normal or increased serum ALP concentration. A secondary aim was to further characterize any differences noted between cell lines of differing tumourigenicity. To evaluate the tumourigenicity of these six cell lines in vivo, a xenogeneic, heterotopic transplant study in nude mice was performed. Tumour formation did not correlate with the cell lines original serum ALP concentration. The results of the transplant studies did reveal differences in the gene expression profile of tumourigenic and non-tumourigenic cell lines, in particular frizzled-6 (FZD-6), which may be involved with tumour-initiating cells. Additionally, differences were noted in percentage of side population (SP) cells between tumourigenic and non-tumourigenic cell lines.
Materials and methods

Cell culture and reagents
The generation and characterization of canine primary OSA cell lines (UWKOS1, UWKOS2, UWKOS3, UWKOS6, UWKOS7, UWKOS8) used in this study were described previously and were generated by procedures approved by the University of Wisconsin-Madison Animal Care and Use Committee. 7 All cell lines were generated from primary OSA lesions. UWKOS1 was derived from a right humeral OSA in a 10-year-old FS Rottweiler; UWKOS2 is from a left humeral OSA in a 9.5-year-old M Irish Terrier; UWKOS3 is from a left tibial OSA in a 10-year-old MN Mastiff; UWKOS6 is from a right radial OSA in an 11-year-old Labrador retriever; UWKOS7 is from a left radial OSA in a 9-year-old FS German shepherd mix; and UWKOS8 is from a left radial OSA in a 9-year-old MN Border collie mix. With the exception of the patient from which UWKOS8 was derived, all patients were deemed free of metastatic disease based on thoracic radiographs, evaluation of regional lymph nodes and/or post-mortem evaluation. The patient from which UWKOS8 was derived had a soft tissue opacity in the right cranial lung lobe on thoracic radiographs. Therefore, cell lines UWKOS1, UWKOS2, UWKOS3, UWKOS6 and UWKOS7 were all derived from patients with stage IIB OSA; cell line UWKOS8 was derived from a patient suspected as having stage IIIB OSA. 1 All cell lines were maintained in complete minimum essential medium (CMEM): minimum essential medium Eagle (MEM) supplemented with 10% cosmic calf serum, sodium pyruvate, L-glutamine, MEM vitamins, non-essential amino acids and 1% Pen/Strep (all products from Fisher Scientific, Fair Lawn, NJ, USA). Primary canine osteoblasts (k9Ob) were maintained in Canine Osteoblast Growth Medium, cultured using a Subculture Reagent Kit (cells and reagents from Cell Applications, San Diego, CA, USA). All cells were maintained at 37 ∘ C in a humidified incubator with 5% CO 2 .
Tumour transplantation
Immunocompromised recipient mice (athymic nudes) were used for the xenogeneic, heterotopic transplantation model to reduce the likelihood of tumour-cell rejection. Six-to-eight week old, female athymic nude mice were purchased from a commercial vendor (Charles River, Wilmington, MA, USA) and maintained in a pathogen-free environment. Mice were allowed to acclimate to the housing environment for a minimum of 2 weeks prior to transplantation. Mice were housed and maintained according to The Guide for the Care and Use of Laboratory Animals in an AAALAC-accredited facility. All experimental procedures were approved by the University of Wisconsin-Madison Animal Care and Use Committee.
On the day of transplantation, cell lines were trypsinized and added to sterile saline at a concentration of 1 × 10 5 or 1 × 10 6 tumour cells per 0.2 ml. To determine whether the tumourigenicity differs between cell lines, 1 × 10 5 or 1 × 10 6 tumour cells in 0.2 ml of saline were transplanted into the subcutaneous tissue in the left flank of all mice using a 26-gauge needle and leur-lock syringe. Each cell line was transplanted into five recipient mice at both cell concentrations. Murase et al. recently assessed the differences in tumourigenicity of a side-population of OSA cells, considered to be tumour-initiating cells, and an unsorted OSA cell population using a xenogeneic, heterotopic murine transplant model. 8 The minimal number of unsorted OSA cells necessary for tumour formation was 1 × 10 5 .
Recipient mice were monitored daily for the first 4 days post-transplant. Thereafter, mice were monitored at least every 2-3 days for tumour growth until the time of euthanasia. The time from tumour cell transplantation until evidence of tumour formation was recorded. Tumour measurements (mm) were taken with digital callipers along longest axis of the tumour and the perpendicular axis. 
Microarray experiments
Array analysis with GeneChip Canine 2.0 Genome Arrays (Affymetrix, Santa Clara, CA, USA) was performed for six cell line samples. Each sample was represented by a single array. The oneCycle Target Labeling and Control Reagents package (Afftmetrix) was used to synthesize cDNA from total RNA spiked with prokaryotic Poly-A RNA as a control. The Sample Cleanup Module (Affymetrix) was used purify the cDNA which was then used for synthesis of biotin-labelled cRNA. cRNA was purified, quantified and fragmented before hybridization with the GeneChips. Hybridized chips were washed, stained using streptavidin-conjugated phycoerythrin fye (Invitrogen, Carlsbad, CA, USA) and enhanced with biotinylated goat anti-streptavidin antibody (Vector Laboratories, Burlingame, CA, USA) using an Affymetrix GeneChip Fluidics Station 450 and GeneChip Operating Software. The Affymetrix GeneChip scanner 3000 at the University of Wisconsin-Madison Biotechnology Center was used to acquire images.
Hoechst assay
The ability of cells to efflux a Hoechst 33342 dye was assessed in all six cell lines. The Hoechst dye is effluxed by cells via ABC membrane transporter proteins and is often used to identify subpopulations of cancer cells that have enhanced resistance to chemotherapy or are enriched for tumour-initiating cells, termed SP cells. For this assay, all cell lines were grown in a monolayer culture until reaching 80-90% confluency, at which point cell lines were trypsinized and resuspended at 1.0-2.0 × 10 6 cells mL −1 in pre-warmed MEM culture medium and divided into two populations. The first population was treated with 50 μM of verapamil and the second population remained untreated. Hoechst 33342 was added to both cell populations at 2.5 μg mL −1 and cells were incubated for 90 min at 37 ∘ C. Cells were gently agitated every 15 min. Following Hoechst-staining, the cells were centrifuged at 4 ∘ C during 7 min at 12 000 rpm and resuspended in cold Hanks. The Hoechst 33342 dye was excited at 350 nm ultraviolet and resultant fluorescence was measured at two wavelengths using 424/44 BP and 675 LP filters for detection of blue and red respectively using the LSRII Flow Cytometer System (BD Biosciences, San Jose, CA, USA).
qPCR for FZD-6
Total RNA was isolated from cell lines using Trizol (Invitrogen), and purified by PureLink RNA Mini Kit (Ambion; Life Technologies, Carlsbad, CA, USA) according to the manufacturer's instructions. cDNA was synthesized from 250 ng of total RNA using the High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Life Technologies) according to the manufactures protocol. qPCR was performed using TaqMan Gene Expression Master Mix with TaaMan Gene Expression Assays (Applied Biosystems, Life Technologies) according to the manufactures' protocol on a Bio-Rad iCycler machine with a Bio-Rad iQ5 Multicolor Real-Time PCR Detection System. The canine FZD-6 (Cf02625614_m1) assay was utilized (Applied Biosystems, Life Technologies). Ct values were normalized to 18S expression (4352930E). Normal canine osteoblasts were used to determine relative expression of FZD-6 in canine OSA cell lines using the ΔΔCt method. 9 Gene expression from each cell line was measured in triplicate.
Western blot analysis with FZD-6 antibody
Western blot analysis was performed on cell lysates from canine OSA cell lines (UWKOS1, UWKOS2, UWKOS3, UWKOS6, UWKOS7 and UWKOS8) to determine the protein expression of FZD-6. Cells were lysed using a mammalian protein extraction reagent (Pierce, Rockford, IL, USA) and protein lysates collected. Protein lysates were separated by electrophoresis on 7.5% Mini-PROTEAN TGX Gel (BioRad, Hercules, CA, USA) at 150 V for 45 min, transferred to nitrocellulose membranes (Whatman, Dassel, Germany) at 100 V for 1 h, then blocked with tris-buffered saline/0.05% Tween 20 (TBST) containing 5% non-fat dry milk and 1% bovine serum albumin for 1 h (all reagent from Fisher Scientific). The membranes were probed overnight at 4 ∘ C with either (1) rabbit anti-FZD-6 antibody (ab98180, Abcam Inc., Cambridge, MA, USA) diluted 1:500 in blocking solution or (2) goat anti-Actin (sc-1616, Santa Cruz Biotechnology, Santa Cruz, CA, USA) diluted 1:200 in blocking solution. Excess primary antibody was removed by washing three times for 5 min with TBST. Membranes were incubated with 50 ng mL −1 horseradish peroxidase-conjugated anti-rabbit secondary antibody (Thermo Scientific, Waltham, MA, USA) diluted in blocking solution for 1 h at room temperature, washed three times for 5 min with TBST, and treated with SuperSignal West Dura Chemiluminescent Substrate (Thermo Scientific). Blots were exposed to film, developed, and then imaged using a Gel Logic 100 Imaging System (Kodak, Rochester, NY, USA).
Statistical analyses
Microarrays were checked for outliers and preprocessed using robust multiarray averaging (RMA). Differential expression between two groups was tested using gene-specific two-sample t-tests coupled with Benjamini-Hochberg p-value adjustment. Genes showing both small adjusted p-value and large fold change were reported. The gene-set enrichment utilized GO/KEGG and the random-set enrichment method. 10 QPCR for evaluation of FZD-6 expression and Hoechst dye exclusion assays were performed in triplicate for each cell line. For statistical analysis, the results of each cell line were combined according to their tumourigenicity (i.e. tumourigenic versus non-tumourigenic). A Mann-Whitney t-test was performed to determine whether the averages differed between tumourigenic versus non-tumourigenic cell lines using a commercially available software package (Prism5, GraphPad Software, La Jolla, CA, USA) with p < 0.05 was considered significant.
Results
Tumourigenicity of primary canine osteosarcoma cell lines in a xenogeneic, heterotopic transplant model
To assess the tumourigenicity of OSA cell lines generated from tumours of patients with differing serum ALP concentration, we used six primary canine OSA cell lines. 7 The UWKOS1, UWKOS2 and UWKOS3 are from OSA tissue associated with normal serum ALP concentration, while UWKOS6, UWKOS7 and UWKOS8 were derived from the OSA tissue of patients with increased serum ALP concentration. A total of 1 × 10 5 or 1 × 10 6 cells were injected subcutaneously in immunocompromised mice. When implanting 1 × 10 5 cells, only the UWKOS1 (one tumour/five mice) resulted in tumour formation by 90 days post-injection ( Table 1 ). The tumour formation was noted 44 days post-injection. However, when 1 × 10 6 cells were implanted, UWKOS1 (2/5), UWKOS3 (1/5) and UWKOS7 (5/5) cell lines were all capable of generating subcutaneous tumours by 46 days post-transplant (Table 1) . When tumours were evaluated histologically, they were consistent with the original diagnosis of osteosarcoma ( Fig. 1 A,B). The UWKOS2, UWKOS6 and UWKOS8 cell lines did not generate subcutaneous tumours by up to 90 days post-transplant with either amount of transplanted cells. There were no differences in the tumour-forming ability of cell lines based on the serum ALP concentration. While there were no differences noted in the tumourigenicity of cell lines based on serum ALP concentration, there was a distinct difference between cell lines capable of forming tumours at the 1 × 10 6 cell concentration. Therefore, we aimed to further characterize any differences in the gene expression profile and phenotype of these cell lines that may contribute to the differences in tumourigenicity.
Gene expression analysis shows differential gene expression pattern in tumourigenic and non-tumourigenic cell lines
Microarray analysis was performed to evaluate differences in gene expression of cell lines noted to be tumourigenic and non-tumourigenic in the xenogeneic, heterotopic murine transplant model. There were 379 genes identified that were differentially regulated between the tumourigenic and non-tumourigenic cell lines with a false discovery rate (FDR) of 10%. In the tumourigenic group, 210 genes were found to be upregulated, of which 29 genes were upregulated with greater than a 2-fold log change (Table 2) . Among the upregulated genes, FZD-6 has the greatest degree of change at 7.78 log-fold in the tumourigenic compared with non-tumourigenic cell lines. Similarly, when an unsupervised analysis approach was utilized FZD-6 retained a very high gene-specific standard deviation, the sixth highest, amongst the 43 035 probe sets examined. Conversely, 169 genes were downregulated in the tumourigenic compared with non-tumourigenic osteosarcoma cell lines. Of the 169 downregulated genes, 42 genes had at least a 2-fold log change, with the asporin gene having the greatest fold reduction at 8.71 log-fold. The data from a subset of the genes in Table 2 are plotted in a heat map in Fig. 2 allowing the visualization of two distinct clusters according to similarities in gene expression patterns, the tumourigenic and non-tumourigenic cell lines. To better appreciate the functional significance of gene expression differences we utilized two different databases, the Gene Ontology (GO) and the Kyoto Encyclopaedia of Genes and Genomes (KEGG) to arrange genes according to specific informative groups. The GO database is divided into three different ontologies called Molecular Function (MF), Cellular Comportment (CC) and Biological Process (BP). The structure of GO is an acyclic direct graph with a set of genes being annotated to each GO term, although each gene may be assigned within more than one GO term. 11 Within the BP ontology, the terms associated with the greatest number of differentially expressed genes included mRNA processing (291 genes), followed by RNA Splicing (260 genes), ncRNA Metabolic Process (231 genes) and DNA replication (226 genes) (Table 3 ). To better define pathways associated with the differentially expressed genes, we used the KEGG pathway analysis. The KEGG database provides a sorting of genes according to the biological pathway they belong to. The KEGG database is the major resource for pathway analysis and provides a reference knowledge base for linking genomes to biological system. 11, 12 Using the KEGG database, the differential expression of genes between the tumourigenic and non-tumourigenic cell lines were enriched for three pathways including mismatch repair, ribosome biogenesis in eukaryotes and spliceosome pathway (Table 4) .
Evaluation of FZD-6 expression in OSA tumourigenic and non-tumourigenic cell lines
Given the interest in the Wnt signalling pathway in OSA biology and to verify the microarray analysis findings qPCR was performed on the gene with the greatest degree of modulation in both groups, FZD-6. FZD-6 is a co-receptor for Wnt ligands and aids in modulating canonical Wnt pathway activity. 13 Similar to the results of the microarray analysis, the relative expression of FZD-6 mRNA was significantly increased in the tumourigenic cell lines compared with the non-tumourigenic cell lines. Tumourigenic cell lines had FZD6 mRNA relative gene expression of 4.209518 and the non-tumourigenic 0.001419 (P = 0.039) ( Fig. 3 and Table 5 ). FZD-6 protein expression in the tumourigenic and non-tumourigenic cell lines was assessed using Western blot analysis. Similar to the FZD6 mRNA results of the microarray analysis and qPCR, the expression of FZD6 protein appeared greater in the tumourigenic cell lines (UWKSO1 and UWKOS7) than in the non-tumourigenic cell lines (UWKOS2, UWKOS6 and UWKOS8) (Fig. 4) .
Functional assays for canine OSA cell lines
Finally, the Hoechst efflux capacity of cell lines was assessed in all cell lines to determine whether there was an increase in the SP cells in the tumourigenic cell lines compared with the non-tumourigenic cell lines. The SP portion of cell lines has been proposed as being enriched for tumour-initiating cells, which may impact the tumourigenicity of cell lines. While all cell lines displayed the capacity to efflux Hoechst dye, there were dramatic differences in the proportion of cells capable of Hoechst-exclusion between cell lines, with UWKOS1 having the greatest (9.9%) and UWKOS2 the least (0.2%) ( Table 5 ). When the cell lines are grouped according to their ability to form tumours in the transplant model a significant difference was noted with the non-tumourigenic group (UWKOS2, UWKOS6 and UWKOS8) having an average SP of 1.58% compared with 5.89% for the tumourigenic cell lines (p = 0.0192) (Fig. 5 and Table 5 ). There was no significant difference when the proportion of SP cells was compared according to serum ALP concentration (2.14% versus 5.35%, p = 0.44).
Discussion
Osteosarcoma is the most common primary bone malignancy of dogs and humans. In dogs and humans both, OSA is highly aggressive in its ability to incite local tissue destruction as well as in its ability to metastasize. Despite efforts to improve outcomes associated with OSA, minimal improvements have been made over the past two decades for either dogs or people with this disease. The negative prognostic value of increased serum ALP concentration in OSA patients is well described, yet poorly understood. 2 -5 This study initially aimed only to complete our characterization of canine primary OSA cell lines derived from patients of differing serum ALP concentration. However, detailed evaluation of cell lines differing in tumourigenicity, independent of serum ALP concentration, has identified FZD-6 as a molecule of interest in OSA, especially as it may relate to OSA tumour-initiating cells.
The lack of differences in tumourigenicity between cell lines derived from OSA patients of differing serum ALP concentration is not surprising and is consistent with the results of our previous study. 7 The lack of differences in cell proliferation, migration, invasion and chemosensitivity noted in the previous study and tumourigenicity noted in the current study would support the theory that the negative prognostic value of increased serum ALP concentration is likely a reflection increased tumour burden, as showed recently by Sternberg et al. 6 Unfortunately, in the current study we were unable to evaluate the significance of tumour burden on serum ALP concentration in recipient mice. Although tumourigenicity was not associated with ALP status of cell lines, our transplant study did identify two distinct phenotypes within these newly established primary cell lines, cell lines that were tumourigenic (UWKOS1, UWKSO3 and UWKOS7) and non-tumourigenic (UWKOS2, UWKOS6 and UWKOS8) upon subcutaneous transplant into immunocompromised mice.
Caution must be exercised when interpreting these findings, as there are limitations with the use of immunocompromised recipients and heterotopic transplants. Limitations of this model system include the inability to assess the immune system's impact on OSA nor the complex, natural tumour microenvironment in which OSA develops to be assessed. Additionally, the number of mice used to evaluate the tumourigenicity of each cell line at the two cell concentrations is relatively small (n = 5). The use of such a small number of recipient mice increases the likelihood for either a type I or type II error to be made in the assessment of tumourigenicity. It is worth noting that in a follow-up study that is on-going at the time of this manuscript's publication, the use of both non-modified UWK03 and UWKOS7 cell lines has resulted in similar tumour formation frequency when transplanted into 10 mice apiece (Stein, unpublished data). The remainder of the cell lines were not used in these studies. Despite these limitations, the difference in ability to form tumours between the cell lines indicates underlying differences within these cell lines. The differences in these cell lines were used in this study, and may be further exploited in future studies, to address mechanistic questions regarding tumourigenicity. Interestingly, when in vitro behaviour of these cell lines was examined according to serum ALP status there were no differences in proliferation, migration, invasion or chemosensitivity. 7 However, when this data was re-examined according to tumourigenicity of cell lines there were significant differences in proliferation, doxorubicin-sensitivity and carboplatin-sensitivity of the tumourigenic cell lines compared with non-tumourigenic cell lines (data not shown). Therefore, we sought to characterize potential reasons for the differences in tumourigenicity by performing microarray analysis.
The results of the microarray analyses indicated 379 genes were differentially expressed in the tumourigenic cell lines compared with non-tumourigenic cell lines. Of the 379 differentially expressed genes, 210 genes had increased expression and 169 genes had decreased expression in tumourigenic cell lines relative to non-tumourigenic cell lines. Among the upregulated genes, FZD-6 had the greatest increase, with a 7.78-fold increase followed by EPDR1 (ependymin-related protein 1) with 4.78-fold increase, and SLC1A1 (solute carrier family 1) with 4.04-fold increase. FZD-6 is a co-receptor for Wnt ligands and aids in modulating canonical Wnt pathway activity. 13 Using GO and KEGG analysis, the functional significance of the genes differentially expressed between the tumourigenic and non-tumourigenic cell lines was able to more clearly defined. When utilizing the KEGG database, three pathways were enriched for based upon the differential expression of genes between the tumourigenic and non-tumourigenic cell lines including mismatch repair, ribosome biogenesis in eukaryotes and spliceosome pathway. The mismatch repair pathway is responsible for the recognition and repair of errors in DNA synthesis. Similar to our findings of mismatch repair pathway, Honoki et al. identified the mismatch repair pathway to be enriched for in chemically induced rat OSA compared with mesenchymal stem cells.
14 The spliceosome pathway is responsible for post-transcriptional splicing of mRNA precursors. This process involves the excision of intronic sequences followed by the joining together of exons by a macromolecular. 15 The comparison of gene expression patterns between tumours and cell lines with different behaviour may assist in identifying pathways contributing to the recurrence, metastasis, and poor prognosis for OSA. Previous studies utilizing microarray techniques to study canine OSA have shown significant differences between normal bone and OSA tissue and a striking similarity to human OSA 16 .
Additionally, gene expression profiling has been used to identify differentially expressed genes and pathways associated with outcomes in dogs with OSA. 17, 18 In the study by Selvarajah et al. 37 genes were identified as being differentially expressed between dogs with short (less than 6 months) and long (6 months or longer) survival time. Of the 37 genes differentially expressed in that study, HSP90 (heat shock protein 90 kDa alpha, class B member 1) was the only one found in common with our study. 17 Studies have also been performed comparing gene expression between human and murine metastatic OSA cell lines with their corresponding parental cell lines, allowing the identification of several genes related with metastases. 19 -25 The GO biology processes identified in these studies indicated the metastatic cell lines were enriched for immunological processes, including the T cell and B cell activation, chemokine and cytokine signalling pathway. 24 In our microarray analysis, 40 GO biology processes were differentially regulated between the tumourigenic and non-tumourigenic cell lines. The biological processes involving mRNA processing, RNA splicing, ncRNA metabolic process and DNA replication had the largest number of gene in each category. The lack of similarities between multiple studies performing gene expression profiling on OSA cell lines or tissues is not surprising given the lack of standardization in the performance, platforms and statistical analyses used for microarrays as well as differences in programs used in pathway analysis. The increased expression of FZD-6 in the tumourigenic cell lines compared with non-tumourigenic cell lines in the microarray analysis was confirmed by QPCR and Western blot analysis. To the authors' knowledge, FZD-6 expression has not been reported on in previous OSA studies. This finding is very exciting in light of FZD-6 function and recent studies describing FZD-6 involvement in neuroblastoma and leukaemia. 26, 27 FZD-6 is known to inhibit canonical Wnt signalling through its interaction with -catenin, thereby preventing -catenin from interacting with transcriptional co-factors. 13 We have previously reported on the relatively low activity of the canonical Wnt signalling pathway in canine OSA despite the presence of cytoplasmic -catenin in a high percentage of samples and FZD-6 may be one mechanism through which with the pathway is suppressed. 28, 29 However, FZD-6 is unlikely to be the only mechanism involved silencing the canonical signalling pathway, as the pathway seems to be suppressed in the majority of samples and FZD-6 appears to be over-expressed in only a subset of samples, although further investigation of this in clinical samples is necessary. Of additional interest is the role of FZD-6 in neuroblastoma, in which FZD-6 marks a subset of highly tumourigenic stem-like cells in both mouse and human tumours. 26 Subsequently, Cantilena et al. showed the inhibition of FZD-6 reduced the tumourigenicity of these cell lines. 26 Given the increased expression of FZD-6 in the tumourigenic cell lines in our study, we were interested in determining whether these cell lines were associated with any other characteristics of tumour-initiating cells (TICs). Finally, we are intrigued by the recent report of microarray analysis on canine OSA sarcospheres, adherent cells, and non-tumourigenic mesenchymal stem cells by Pang et al. 30 Using the expression data in the publicly accessible, Gene Expression Omnibus (GEO accession GSE52063), we noted that FZD-6 expression was differentially expressed in the OSA cell lines (adherent and sarcospheres) relative to normal canine mesenchymal stem cells, with the OSA cell lines having increased expression of FZD-6. 30 While there was no significant difference between the adherent OSA cells and sarcospheres, it is interesting to note the differential expression in tumour and non-tumour cell cells. Additionally, it is possible that there was no differential expression of FZD-6 between the adherent cells and sarcosphere due to both cell types being derived from the same cell line.
To determine whether the tumourigenic and non-tumourigenic cell lines differed in any other characteristics of TICs, the ability of cells to efflux the Hoechst-33342 was evaluated. Hoechst-3342 is a cell permeable DNA-specific bisbenzimidazole dye that is effluxed via ABC transporters, which can be inhibited by verapamil treatment of cell lines. 8 The Hoechst efflux assay is considered a functional assay capable of identifying sub-populations of cells enriched for TICs. Cells capable of effluxing the dye have been termed SP cells and are biologically distinct from non-SP cells in regards to their stem-cell associated gene expression, chemotherapeutic resistance and tumourigenicity. 8, 31, 32 This is consistent with our findings of the tumourigenic cell lines having an increased percentage of SP cells (5.89%) compared with the non-tumourigenic cell lines (1.58%). However, a recent study showed the reproducibility of the Hoechst-assay with canine cancer cell lines is inconsistent. 33 Therefore, additional studies are necessary to assess other characteristics of TICs including stem-cell gene expression, aldehyde dehydrogenase (ALD) activity and sarcosphere formation.
In summary, we have found no difference in the tumourigenicity of canine primary OSA cell lines derived from patients with differing serum ALP concentration. This is consistent with our previous findings regarding the lack of in vitro behavioural differences between the cell lines associated with normal and increased serum ALP concentration. Of interest is the finding of increased FZD-6 expression in tumourigenic cell lines compared with non-tumourigenic cell lines. To the authors' knowledge FZD-6 expression has not been reported on in OSA previously. Given the requirement of Wnt signalling activation for osteoblast differentiation, it is conceivable the enhanced expression of FZD-6 may suppress the canonical Wnt signalling pathway thereby preventing the differentiation of cells and contribute to the maintenance of osteosarcoma TICs. This would be consistent with our findings that tumourigenic cell lines, having increased FZD-6 expression, are associated with an increased percentage of SP cells. The finding of tumourigenic cell lines having an increase in SP cells is consistent with previous studies on TICs. 8, 28 Further studies are necessary to clarify the role of FZD-6 in OSA and determine its utility as a marker for OSA TICs or its value as a therapeutic target.
